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1. I n t r o d u c t i o n  
Wolf H a f e l e  and Alan Manne [l] p r e s e n t  a  dynamic model 
t o  f i n d  an  o p t i m a l  s t r a t e g y  on a  t r a n s i t i o n  from f o s s i l  t o  
n u c l e a r  f u e l s  such  t h a t  t h e  f o l l o w i n g  f i v e  c o n s t r a i n t s  h o l d  
i n  t h e  p l a n n i n g  h o r i z o n ,  1970 t o  2045, f o r  a  model s o c i e t y :  
a )  supp ly  a s p e c t s :  
1) t h e  l i m i t e d  r e s e r v e s  o f  petroleum-and-gas , 
2 )  t h e  l i m i t e d  r e s e r v e s  of low-cost  uranium, 
3) t h e  l i m i t e d  i n d u s t r i a l  c a p a c i t y  f o r  c o n s t r u c t i o n  
of  n u c l e a r  r e a c t o r s ,  
4 )  t h e  l i m i t e d  f i n a n c i a l  r e s o u r c e s  a v a i l a b l e  t o  
t h e  energy  s u p p l y i n g  s e c t o r ,  and 
b )  demand a s p e c t s :  
5)  t h e  minimum requ i rement  of  exogenous energy  
demands of t h e  two macroscopic s e c t o r s ,  
e l e c t r i c a l  ene rgy  and n o n e l e c t r i c a l  ene rgy .  
The energy  supp ly  a l t e r n a t i v e s  c o n s i d e r e d  i n  t h e  model a r e :  
a )  f o r  e l e c t r i c a l  ene rgy :  
1) c o a l  s team g e n e r a t i n g  p l a n t ,  
2 )  l i g h t  w a t e r  moderated r e a c t o r  (LWR) , -and 
3)  l i q u i d  m e t a l  f a s t  b r e e d e r  r e a c t o r  ( F B R ) ,  and 
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b )  f o r  n o n e l e c t r i c a l  energy:  
1) petroleum-and-gas , 
2 )  hydrogen from thermochemical  w a t e r  s p l i t t i n g  
by p r o c e s s  h e a t  o f  h igh- tempera tu re  g a s  c o o l e d  
r e a c t o r  (HTGR), and 
3 )  hydrogen produced from e l e c t r o l y s i s .  
Almost a l l  o f  t h e  o p t i m a l  s o l u t i o n s  o f  t h e  H a f e l e - ~ a n n e  
model i n d i c a t e  t h a t  t h e  l i m i t e d  r e s e r v e s  o f  petroleum-and- 
g a s  n e c e s s i t a t e  t h e  r a p i d  change o f  t h e  n o n e l e c t r i c a l  e n e r g y  
s u p p l y  p a t t e r n  from a  petroleum-and-gas b a s i s  t o  a  hydrogen 
b a s i s .  From t h e  s t a n d p o i n t  of  i n d i v i d u a l  ene rgy  consumers,  
however,  f o r  one consumer such  an  a b r u p t  change i s  beyond 
a c c e p t a b i l i t y  due t o  t h e  consumer ' s  h i g h  i n e r t i a ,  w h i l e  f o r  
a n o t h e r  consumer it i s  a c c e p t a b l e  owing t o  t h e  consumer ' s  
f l e x i b i l i t y .  T h e r e f o r e  it i s  worthwhi le  c o n s i d e r i n g  t h e  
q u e s t i o n  o f  how r a p i d l y  t h e  changes r e q u i r e d  by t h e  o p t i m a l  
s o l u t i o n  o f  t h e  Hafele-Manne model must o c c u r  f o r  t h e  
i n d i v i d u a l l y  more d i s a g g r e g a t e d  e n e r g y  demand s e c t o r s .  The 
a n a l y s i s  o f  t h i s  q u e s t i o n  w i t h  t h e  h e l p  o f  t h e  Hoffman 
model [2] i s  t h e  g e n e r a l  s u b j e c t  o f  t h i s  p a p e r .  
Kenneth Hoffman b u i l t  a  s t a t i c  model t o  de te rmine  
an o p t i m a l  e n e r g y  r e s o u r c e  a l l o c a t i o n  t o  t h e  f o l l o w i n g  
f i f t e e n  demand s e c t o r s :  
1) s p a c e  h e a t ,  
2)  a i r  c o n d i t i o n i n g  , 
3) i n t e r m e d i a t e  l o a d  e l e c t r i c i t y ,  
4 )  b a s e  l o a d  e l e c t r i c i t y ,  
5 )  peak l o a d  e l e c t r i c i t y ,  
6 )  w a t e r  d e s a l i n a t i o n ,  
7 )  pumped s t o r a g e  and s y n t h e t i c  f u e l ,  
8 )  w a t e r  h e a t i n g ,  
9 )  m i s c e l l a n e o u s  t h e r m a l  u s e s ,  
a i r  t r a n s p o r t ,  
11) ground t r a n s p o r t ,  p u b l i c  and commercial ,  
12 ) ground t r a n s p o r t ,  p r i v a t e ,  
1 3 )  i r o n  p r o d u c t i o n ,  
1 4 )  cement p r o d u c t i o n ,  and 
1 5 )  p e t r o c h e m i s t r y  and s y n t h e t i c  m a t e r i a l s .  
While Hoffman's numerical  r e s u l t s  were shown i n  t h e  
yea r  2000 f o r  t h e  USA, t h e  mathematical  framework of t h i s  
model i s  u s e f u l  f o r  any year  i n  t h e  f u t u r e .  I f  one ' can  
f i n d  cond i t i ons  f o r  c o m p a t i b i l i t y  between t h e  Hoffman model 
and t h e  ~ a f e l e - ~ a n n e  model then one w i l l  be a b l e  t o  o b t a i n  
an answer f o r  t h e  ques t ion  mentioned above by making 
s e q u e n t i a l  use of t h e  Hoffman model. The c o m p a t i b i l i t y  i s  
concerned c h i e f l y  w i th  t h e  i n p u t  d a t a  used i n  t h e  two 
models. The ~ s f e l e - ~ a n n e  model t r e a t s  t h e  s o c i e t y  (model 
s o c i e t y  1) i n  which t h e  energy demands a r e  p r o j e c t e d  under 
t h e  assumption t h a t  t h e  primary energy consumption p e r  
c a p i t a  doubles from 10 t o  20 KWth between t h e  yea r s  1970 
r 
and 2015, and t h e  popula t ion  s i z e  i n c r e a s e s  from 250 x  10' 
6  t o  350 x  10 . On t h e  o t h e r  hand t h e  energy s o c i e t y  t r e a t e d  
i n  t h e  Hoffman model is  based on roughly 2 0  KWth/cap wi th  
r 
300 x  10' people .  Hence a s  f a r  a s  t h e  macroscopic s p e c i f i -  
c a t i o n s  r e l e v a n t  t o  energy demand p r o j e c t i o n s  a r e  concerned,  
it i s  p o s s i b l e  t o  f i n d  a  modell ing cond i t i on  which y i e l d s  
c o m p a t i b i l i t y  between t h e  two models. 
Now t h e  purpose of t h i s  paper i s  t o  show t h e  t iming  of 
an energy a l l o c a t i o n  p a t t e r n  t o  Hoffman's f i f t e e n  demand 
s e c t o r s  s a t i s f y i n g  an op t imal  s t r a t e g y  of t h e  ~a fe l e -Manne  
model. More s p e c i f i c a l l y ,  a  l i n e a r  programming op t imiza t ion  
problem w i l l  be so lved  y e a r  by yea r  by us ing  t h e  mathematical  
technique of  t h e  Hoffman model. The problem i s  c h a r a c t e r i z e d  
by : 
a )  t h e  upper bound of energy supply of t h e  i n d i v i d u a l  
supply a l t e r n a t i v e s  f i x e d  by an opt imal  s o l u t i o n  
of t h e  ~ a f e l e - ~ a n n e  model. For an i l l u s t r a t i o n ,  
t h e  model s o c i e t y  1 .60 i s  chosen; and 
b) t h e  lower bound of energy demand of t h e  i n d i v i d u a l  
demand s e c t o r s  f i x e d  f o r  each y e a r ,  1997, 2000, 
2003, 2006, and 2009 i n  accordance wi th  t h e  demand 
p r o j e c t i o n  of t h e  Hoffman model. 
2 .  A n a l y t i c a l  Method 1 
The Hoffman model fo rmula tes  a  n a t i o n a l  energy system 
i n  a  t r a n s p o r t a t i o n  network format.  The network i s  
q u a n t i f i e d  wi th  t h e  energy flows from a l t e r n a t e  r e sou rces  
through t h e  va r ious  convers ion and d e l i v e r y  a c t i v i t i e s  t o  
s p e c i f i c  end uses .  The problem t o  be t r e a t e d  h e r e  has  s i x  
exogenous ( c o a l ,  LWR, FBR, petroleum-and-gas, HTGR-hydrogen, 
and e l e c t r o l y t i c  hydrogen) and one endogenous (pumped 
2 
s t o r a g e  ) supply  s e c t o r s ,  and f i f t e e n  demand s e c t o r s .  The 
schemat ic  d e s c r i p t i o n  of t h e  problem is shown i n  F igu re  1 
accord ing  t o  t h e  Hoffman network. 
I n  t h e  Hoffman model t h e  i n t e rmed ia t e  energy form on 
t h e  i n d i v i d u a l  p o s s i b l e  pa ths  from each supply s e c t o r  t o  
each demand s e c t o r  i s  chosen a s  an independent v a r i a b l e  t o  
be op t imized ,  and t h e r e f o r e  t h e  number o f  v a r i a b l e s  i n  ou r  
problem i s  7 x  15 = 105 inc lud ing  a l l  t h e  p o s s i b i l i t i e s .  
F igu re  2 i l l u s t r a t e s  t h e  a n a l y t i c a l  method of  t h e  
Hoffman model. For a  given pa th  j ,  a  r e sou rce  SU i s  con- 
v e r t e d  t o  i n t e r m e d i a t e  energy form X a t  an e f f i c i e n c y  e  j u j  . 
I n  t u r n  t h e  i n t e r m e d i a t e  energy f o r m - i s  used t o  s a t i s f y  
- 
demand Dv a t  an  e f f i c i e n c y  D v j .  A c o s t  c  and s e t  o f  j 
c o e f f i c i e n t s  f  d e s c r i b i n g  o t h e r  a d d i t i o n a l  c o n s t r a i n t s  
w j 
a r e  a l s o  de f ined  p e r  u n i t  of  i n t e rmed ia t e  energy form. 
The mathemat ical  fo rmula t ion  of  t h e  model i s  as fo l lows:  
minimize t h e  t o t a l  c o s t :  3 C = 1 c . x  , 
I j 
s u b j e c t  t o  j 
1 1) supply  c o n s t r a i n t :  1E- x j  ' su 1 
u j  
2)  demand c o n s t r a i n t :  1 d  . x .  > Dv , VI I  - 
3 )  o t h e r  c o n s t r a i n t s :  1 f  wl . x  j 2 Bw 1 and 
j 
4 )  nonnega t iv i ty  cond i t i on :  x  > 0 . j - 
Supply c o n s t r a i n t  equa t ions  a r e  de f ined  f o r  each supply  
s e c t o r ,  and demand c o n s t r a i n t  equa t ions  a r e  de f ined  f o r  each 
demand s e c t o r  excep t  f o r  peak e l e c t r i c i t y  because t h e  amount 
of peak e l e c t r i c a l  demand i s  given  n o t  exogenously b u t  
endogenously. Other  c o n s t r a i n t s  t o  be  cons idered  h e r e  a r e :  
2 ~ n  t h e  Hoffman model t h e  supply  s e c t o r  of  pumped 
s t o r a g e  has  an impor tan t  r o l e  i n  d e s c r i b i n g  t h e  mathematical  
c o n s t r a i n t s  on energy load  f l u c t u a t i o n ,  and t h e  energy amount 
r e q u i r e d  f o r  t h i s  s e c t o r  i s  determined endogenously. 
3 ~ n  h i s  o r i g i n a l  work, Hoffman used v a r i o u s  o b j e c t i v e  
f u n c t i o n s .  W e  h e r e  used h i s  f i r s t  one which he c l a s s i f i e d  a s  
" t e c h n o l o g i c a l "  s t r a t e g y .  
1) off-peak c o n s t r a i n t s  t h a t  s p e c i f y  t h e  maximum amount 
of  energy a v a i l a b l e  from each c e n t r a l  s t a t i o n  
e l e c t r i c a l  source  t o  s e rve  off-peak e l e c t r i c a l  o r  
thermal  demands, 
2 )  pumped s t o r a g e  and s y n t h e t i c  f u e l  balance equa t ions  
t h a t  ensure  e q u a l i t y  between t h e  amount of  energy 
supp l i ed  t o  pumped s t o r a g e  and/or s y n t h e t i c  f u e l  
and t h a t  d e l i v e r e d  from pumped s t o r a g e  and/or 
s y n t h e t i c  f u e l  i nc lud ing  l o s s e s ,  and 
3)  endogenous demand c o n s t r a i n t s  by which p o r t i o n s  of  
c e n t r a l  s t a t i o n  e l e c t r i c a l  demands can be reass igned  
i n t e r n a l l y  t o  c a t e g o r i e s  w i th  d i f f e r e n t  l oad  f a c t o r s .  
3 .  Input  Data P repa ra t ion  
Now our  problem has  one o b j e c t i v e  func t ion  and t h r e e  
s o r t s  of c o n s t r a i n t  equa t ions :  hence fou r  s e t s  of c o e f f i c i e n t s  
c j t  e ,j I dvj t and f  and t h r e e  s e t s  of  r ight-hand s i d e  va lues ,  
w j 
SU, Dv,  and Bw a r e  t o  be ass igned  f o r  each yea r .  For  t h e  
purpose of t h i s  examination it i s  necessary  i n  p repar ing  t h e s e  
i n p u t  d a t a  t o  use a s  much d a t a  of t h e  Hafele-Manne model a s  
p o s s i b l e .  
While t h e  Hoffman model cons ide r s  t h e  whole of t h e  
network shown i n  Figure  1, t h e  ~ s f e l e - ~ a n n e  model focuses  on 
one-ha l f ,  i . e .  t h e  energy supplying subsystem from each energy 
resource  t o  each in t e rmed ia t e  energy form ( e l e c t r i c a l  and non- 
e l e c t r i c a l  energy)  . Therefore  t h e  Hafele-Manne model g i v e s  
t h e  i n p u t  d a t a  f o r  supply c o n s t r a i n t  equa t ions  and c o s t  coef-  
f i c i e n t s  exc lud ing  d e l i v e r y  c o s t s ,  and t h e  Hoffman model i s  
u t i l i z e d  t o  make up t h e  i n p u t  d a t a  f o r  a l l  t h e  o t h e r  c o n s t r a i n t  
equa t ions .  
Table 1 shows t h e  c o s t  c o e f f i c i e n t s  f o r  o u r  problem which 
a r e  ob ta ined  from adding t h e  Hoffman energy d e l i v e r y  c o s t s  t o  
t h e  Hafele-Manne energy c o s t s .  F u r t h e r ,  Appendix A makes a  
comparison of t h e  energy c o s t s  f o r  each of t h e  supply a l t e r -  
n a t i v e s  between t h e  two models. 
Table 2  g i v e s  t h e  c o e f f i c i e n t s  f o r  supply c o n s t r a i n t  
equa t ions  which correspond t o  t h e  i n v e r s e  of  thermal  e f f i -  
c i e n c i e s  f o r  c o a l ,  LWR, and FBR technologies  and correspond 
t o  t h e  produc t ion  e f f i c i e n c i e s  of o i l  p roduc ts  and hydrogen 
f o r  petroleum-and-gas and hydrogen technologies  r e s p e c t i v e l y .  
I n  p repa r ing  t h e  r ight-hand s i d e  va lues  of  supply 
c o n s t r a i n t  equa t ions  t h e  compa t ib i l i t y  s tudy  was done; i t  
was found a t  t h e  f i r s t  computing t r i a l  t h a t  t h e  e q u i l i b r i u m  
a c t i v i t y  l e v e l  20 KWth/cap of  t h e  model s o c i e t y  1.60 i s  n o t  
enough t o  s a t i s f y  t h e  Hoffman demand c o n s t r a i n t s .  Then a  
k i n d  of  t r i a l - a n d - e r r o r  computat ion was done i n  such  a  
way t h a t  t h e  e q u i l i b r i u m  a c t i v i t y  l e v e l  was i n c r e a s e d  
g r a d u a l l y  up t o  t h e  l e v e l  which s a t i s f i e s  t h e  Hoffman 
demand c o n s t r a i n t s .  
A s  a  r e s u l t  it t u r n e d  o u t  t h a t  t h e  r e v i s e d  a c t i v i t y  
l e v e l  o f  t h e  ~ a f e l e - ~ a n n e  model s o c i e t y  1 .60  s h o u l d  be  
between 24 ~ W ~ ~ / c a p  and 25 Kwth/cap depending on t h e  y e a r ,  
and f i n a l l y  t h e  l e v e l  25 Kwth/cap was s e l e c t e d  t o  y i e l d  t h e  
r i g h t - h a n d  s i d e  v a l u e s  o f  supp ly  c o n s t r a i n t  e q u a t i o n s  f o r  
each y e a r ,  a s  shown i n  Tab l e  3 .  
The c o e f f i c i e n t s  of  demand c o n s t r a i n t  e q u a t i o n s  were 
made up g e n e r a l l y  i n  accordance  w i t h  t h e  energy u t i l i z a t i o n  
e f f i c i e n c i e s  used i n  t h e  Hoffman model. It  i s  t o  be no ted  
h e r e  t h a t  n o t  o n l y  t h e  Hoffman model b u t  a l s o  t h e  Hafe le-  
Manne model d e f i n e s  t h e  hydrogen u t i l i z a t i o n  f a c t o r  which 
i m p l i e s  BTU of  petroleum-and-gas r e p l a c e a b l e  f o r  one  BTU of  
hydrogen u t i l i z e d  i n  end u s e s ,  and y e t  t h e  v a l u e s  o f  t h a t  
f a c t o r  a s s e s s e d  i n  t h e  two models a r e  q u i t e  d i f f e r e n t  ( s e e  
Tab le  4 ) .  One of  t h e  a u t h o r s  d i d  a  s e n s i t i v i t y  a n a l y s i s  on 
t h a t  f a c t o r  o f  t h e  Hafele-Manne model and demons t ra ted  t h a t  
t h e  hydrogen u t i l i z a t i o n  f a c t o r ,  t h e  v a l u e  of  which was 
d i s t r i b u t e d  from u n i t y  t o  two i n  t h e  a n a l y s i s ,  h a s  a  
s i g n i f i c a n t  e f f e c t  on t h e  s o l u t i o n  of  t h e  ~ a f e l e - ~ a n n e  
model [3] . I n  o u r  problem t r e a t e d  h e r e ,  however, t h e  v a l u e  
i s  f i x e d  a s  1.5 f o r  each demand s e c t o r  a cco rd ing  t o  t h e  
Hafele-Manne e s t i m a t i o n .  
The r igh t -hand  s i d e  v a l u e s  o f  demand c o n s t r a i n t  e q u a t i o n s  
were a s s i g n e d  under  t h e  assumpt ions  t h a t  t h e  minimum r e q u i r e -  
ment o f  e n e r g y ,  D v ,  f o r  each  demand c o n s t r a i n t ,  which t h e  
Hoffman model a s s e s s e s  f o r  t h e  y e a r  2000, is  k e p t  r e l a t i v e l y  
c o n s t a n t  d u r i n g  t h e  y e a r s  1997 t o  2009, a l t hough  t o t a l  
energy  demand does  v a r y  w i t h  t i m e  i n  accordance  w i t h  t h e  
~ s f e l e - ~ a n n e  demand p r o j e c t i o n .  The v a l u e s  a r e  shown i n  
T a b l e  5.  
With r e s p e c t  t o  t h e  o t h e r  c o n s t r a i n t s ,  t h e  i n p u t  d a t a  
used i n  t h e  Hoffman model w e r e  a l s o  employed f o r  o u r  
problem. Appendix B i s  a t t a c h e d  t o  e x h i b i t  a  complete  
set o f  t h e  i n p u t  d a t a .  
4. Calculation Result 
Figures 3.1 to 3.15 are the representation of the time 
sequential changes of energy supply pattern for individual 
demand sectors which were obtained from our calculation. 
The result indicates that: 
1) For the demand sectors of space heat and air 
conditioning the rapid changes from petroleum- 
and-gas to hydrogen are observed (Figures 3.1 
and 3.2). 
2) Concerning the electrical demand sectors it is 
to be noted that the FBR supplies 100% of the 
requirements for both intermediate and base 
load electricities, and that, for peak elec- 
tricity as well, it replaces the 1997 LWR energy 
supply role by 2009 (Figures 3.3 to 3.5). 
3) For water desalination, petroleum-and-gas and 
LWR electricity are used almost equally for each 
year, and the energy supply pattern is at a 
steady state (Figure 3.6) . 
4) With respect to the pumped storage and synthetic 
fuel demand sector, all the energy is used for 
synthetic fuel (hydrogen) production and it is 
given in the form of electricity (Figure 3.7) . 
5) The water heating demand sector uses only 
hydrogen for each year. There is no change of 
energy supply pattern (Figure 3.8). 
6) As for the demand sector of miscellaneous thermal 
uses, while LWR electricity meets about 40% of 
the total demand for each year, the remarkable 
change from petroleum-and-gas to hydrogen is 
required to meet the remaining 60% (Figure 3.9) . 
7) The energy supply pattern for the air transport 
is hardly realistic since the solution indicates 
that the revival use of petroleum-and-gas comes 
to pass in 2009 after the rapid change from 
petroleum-and-gas basis in 1997 to hydrogen 
basis in 2003 (Figure 3.10). 
8) The optimal solution for the demand sectors of 
ground transports suggests that electric motor 
propulsion units which use electricity directly 
from central power stations and electric 
vehicles whose batteries are charged by off-peak 
electric energy should be employed for public- 
and-commercial uses and for private use respec- 
tively in place of internal combustion engines 
(Figures 3.11 and 3.12). 
9 )  F o r  a l l  t h e  remaining demand s e c t o r s  of  i n d u s t r i a l  
u s e s ,  i r o n  p r o d u c t i o n ,  cement p r o d u c t i o n ,  and 
p e t r o c h e m i s t r y - a n d - s y n t h e t i c  m a t e r i a l s ,  t h e  
s o l u t i o n  i m p l i e s  t h a t  n o t h i n g  b u t  petroleum-and- 
g a s  i s  used  ( F i g u r e s  3.13 t o  3.15)  . 
A f t e r  a l l ,  t h e  c a l c u l a t i o n  r e s u l t  s a y s  t h a t :  
a )  Ground t r a n s p o r t s  must be  b a s e d  on e l e c t r i c  
p r o p u l s i o n  sys tems i n s t e a d  o f  i n t e r n a l  combust ion 
e n g i n e s  b e f o r e  t h e  y e a r  2000. The energy  r e q u i r e -  
ment f o r  t h e s e  demands i s  a b o u t  25% o f  t h e  t o t a l  
e l e c t r i c a l  demand i n  t e r m s  o f  pr imary  energy  form. 
b )  The energy  demand f o r  water h e a t i n g  must b e  m e t  by 
hydrogen energy  b e f o r e  t h e  y e a r  2000. The energy  
r e q u i r e m e n t  f o r  t h i s  demand i s  a b o u t  10% o f  t h e  
t o t a l  hydrogen use  i n  t e r m s  o f  pr imary  energy  form. 
c )  The t e c h n o l o g i c a l  r e n o v a t i o n  i n  t h e  f i e l d  o f  ene rgy  
u t i l i z a t i o n  on s p a c e  h e a t ,  a i r  c o n d i t i o n i n g ,  
m i s c e l l a n e o u s  t h e r m a l  u s e s  and a i r  t r a n s p o r t  must 
be  done s o  as t o  a c c e p t  t h e  r a p i d  change from 
petroleum-and-gas b a s i s  t o  hydrogen b a s i s  a b o u t  
t h e  y e a r  2000. The sum of  t h e s e  energy  r e q u i r e -  
ments i s  a b o u t  65% of  t h e  t o t a l  petroleum-and-gas 
u s e  i n  t h e  y e a r  2000. 
Appendix C i s  a t t a c h e d  f o r  t h e  complementary purpose  o f  g i v i n g  
a comple te  set  o f  t h e  s o l u t i o n s .  
5 .  Concluding Remarks 
T h i s  s t u d y  is  j u s t  t o  o b s e r v e  t h e  a c c e p t a b i l i t y  o f  t h e  
~ a f e l e - ~ a n n e  model s t r a t e g y  from t h e  s t a n d p o i n t  o f  t h e  energy  
consumer ' s  s o c i e t y ,  and it i s  n o t  t h e  a i m  o f  t h i s  p a p e r  t o  
draw g e n e r a l  c o n c l u s i o n s  on t h e  a c c e p t a b i l i t y .  A s  f a r  a s  
t h e  c a l c u l a t i o n  r e s u l t  i l l u s t r a t e d  h e r e  is concerned ,  t h e  
o p t i m a l  s t r a t e g y  o f  t h e  Hafele-Manne model s o c i e t y  1.60 
n e c e s s i t a t e s  t h e  r a p i d  t r a n s f o r m a t i o n  o f  t h e  manner o f  ene rgy  
u t i l i z a t i o n  i n  some demand s e c t o r s ,  s u c h  a s  s p a c e - h e a t ,  
w a t e r  h e a t i n g ,  m i s c e l l a n e o u s  t h e r m a l  u s e s ,  a i r  t r a n s p o r t  
and ground t r a n s p o r t s .  
I f  t h i s  t r a n s f o r m a t i o n  is beyond t h e  a c c e p t a b i l i t y  o f  
t h e  i n d i v i d u a l  demand s e c t o r ,  t h e  Hafele-Manne model s h o u l d  
be  improved i n  t h i s  s e n s e :  one o f  t h e  p o s s i b l e  methods i s  
t o  a d d i t i o n a l l y  t a k e  i n t o  c o n s i d e r a t i o n  t h e  c o n s t r a i n t  on 
t h e  a c c e p t a b i l i t y  b e i n g  d e s c r i b e d  by an  upper  bound o f  
i n c r e a s i n g  o r  d e c r e a s i n g  r a t e  o f  i n d i v i d u a l  e n e r g y  s u p p l y  
t e c h n o l o g y  u s e s .  
While both the Hafele-Manne and the Hoffman models 
presume that per capita primary energy consumption will be 
approximately 20 KWth/cap in the year 2000, the illustrated 
example indicates that there is 20% to 25% difference 
between the two presumptions. This difference is due 
mainly to the fact that the ~afele-Manne model projects 
the energy demands in terms of primary energy form while 
the Hoffman model does so in terms of final energy form. 
There are two types of energy efficiency in the process 
from the primary energy form to the final energy form, and 
the energy requirements for individual end uses described 
in terms of primary energy form are significantly dependent 
on the two efficiencies lying in the corresponding process. 
The demand sector where the efficiency dependency is 
the most remarkable is water desalination; it is presumed 
in the Hoffman model that the utilization efficiency of 
solar energy for water desalination is 100% while the 
efficiency of every other supply alternative is only 10%. 
Hence the optimal solution of the Hoffman model indicates 
that solar energy is the best for that sector because of 
this high efficiency, and yet, in our calculation result, 
more than 10% of the total primary energy requirement 
must be used for this sector because of the exclusion of 
the solar energy alternative. The inclusion of a solar 
option will be considered in subsequent work. 
Table  1. Cost c o e f f i c i e n t s .  
6 ( $ / l o  BTU of i n t e rmed ia t e  energy form, 100% Load f a c t o r )  
ICurren t  
I Coal E l e c t r i c i t y  1) 
I LWR E l e c t r i c i t y  1) I .58 
FBR E l e c t r i c i t y  1) 
Pumped S to rage  2 .17 
1 Corresponding in t e rmed ia t e  energy form i s  e l e c t r i c i t y  except  f o r  
C a p i t a l  
wate r  d e s a l i n a t i o n .  
2 Excluding t h e  c o s t  f o r  used e l e c t r i c i t y .  
3 Corresponding in t e rmed ia t e  energy forms a r e  c l a s s i f i e d  i n t o  t h r e e  
T o t a l  
forms: g a s o l i n e / f u e l  o i l / r e s i d u a l  o i l .  
Table  2. Supply c o e f f i c i e n t s .  
Note: 1) The v a l u e s  u n d e r l i n e d  a r e  t aken  a s  i n p u t  d a t a .  
2) The cor responding  supp ly  sector i s  n o t  cons ide r e d .  
3 )  The v a l u e  i s  n o t  w r i t t e n  e x p l i c i t l y .  
r 
Supply E f f i c i e n c y  
Coal E l e c t r i c i t y  
LWR E l e c t r i c i t y  
FBR E l e c t r i c i t y  
pumped' S t o r ag e  
P-and-G N o n e l e c t r i c  
HTGR Hydrogen 
~ l e c t r o l y t i c  Hydrogen 
Hoffman 
4 2 %  
30% 
42% 
7 1% 
-
91% 
-
2 ) 
83% 
1 
~ g f e l e - ~ a n n e  
4 0 %  
-
33% 
-
40% 
-
2 ) 
3 ) 
50% 
-
80% 
-









































